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Fundamentals of Fluid Flow 

Energy and Head of Flow 
Energy is defined as ability to do work. Both energy and work are 

measured in Newton-meter (or pounds-foot in English). Kinetic energy and 

potential energy are the two commonly recognized forms of energy. In a 

flowing fluid, potential energy may in turn be subdivided into energy due 

to position or elevation above a given datum, and energy due to 

pressure in the fluid. Head is the amount of energy per Newton (or per 

pound) of fluid. 

 

Kinetic Energy and Velocity Head 

Kinetic energy is the ability of a mass to do work by virtue of its velocity. 

The kinetic energy of a mass M having a velocity v is ½Mv2. Since M = 

W/g, 
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Fundamentals of Fluid Flow 

Energy and Head of Flow 
Kinetic Energy and Velocity Head 
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Fundamentals of Fluid Flow 

Energy and Head of Flow 
Elevation Energy and Elevation Head 

In connection to the action of gravity, elevation energy is manifested in a fluid by 

virtue of its position or elevation with respect to a horizontal datum plane. 



Chapter 11:  Flow over bodies; lift and drag ME33 :  Fluid Flow                    6 

Fundamentals of Fluid Flow 

Energy and Head of Flow 
Pressure Energy and Pressure Head 

A mass of fluid acquires pressure energy when it is in contact with other masses 

having some form of energy. Pressure energy therefore is an energy transmitted 

to the fluid by another mass that possesses some energy. 
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Fundamentals of Fluid Flow 

Energy and Head of Flow 
Total Energy of Flow, E 

The total energy or head in a fluid is the sum of kinetic and potential energies. 

Recall that potential energies are pressure energy and elevation energy. 
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Fundamentals of Fluid Flow 

Energy and Head of Flow 
Total Energy of Flow, E 
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Fundamentals of Fluid Flow 

Energy and Head of Flow 
Power and Efficiency 

Power is the rate of doing work per unit of time. For a fluid of unit weight γ (N/m3) 

flowing at the rate of Q (m3/sec) with a total energy of E (m), the power (Watt) is, 
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Fundamentals of Fluid Flow 

Bernoulli’s Energy Theorem 
Applying the law of conservation of energy to fluids 

that may be considered incompressible, Bernoulli’s 

theorem may be stated as follows: 

 

Neglecting head lost, the total amount of energy per 

unit weight is constant at any point in the path of flow. 
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Fundamentals of Fluid Flow 

Bernoulli’s Energy Equations 
Energy Equation Neglecting Head Loss 

Without head losses, the total energy at point (1) is equal to the total energy at 

point (2). No head lost is an ideal condition leading to theoretical values in the 

results. 
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Fundamentals of Fluid Flow 

Bernoulli’s Energy Equations 
Energy Equation Considering Head Loss 

The actual values can be found by considering head losses in the computation of 

flow energy. 
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Fundamentals of Fluid Flow 

Bernoulli’s Energy Equations 
Energy Equation With Pump 

In most cases, pump is used to raise water from 

lower elevation to higher elevation. In a more 

technical term, the use of pump is basically to 

increase the energy of flow. The pump 

consumes electrical energy (Pinput) and delivers 

flow energy (Poutput). 
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Fundamentals of Fluid Flow 

Bernoulli’s Energy Equations 
Energy Equation With Turbine 

Turbines extract flow energy and converted it into mechanical energy which in 

turn converted into electrical energy. 
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Fundamentals of Fluid Flow 

Hydraulic and Energy Grade Lines 
Hydraulic Grade Line (HGL) 

Hydraulic grade line, also called hydraulic gradient and pressure gradient, is the 

graphical representation of the potential head (pressure head + elevation head). It is 

the line to which liquid rises in successive piezometer tubes. The line is always 

at a distance (p/γ + z) above the datum plane. 
 

Characteristics of HGL  

• HGL slopes downward in the direction of flow but it may rise or fall due to 

change in pressure.  

• HGL is parallel to EGL for uniform pipe cross section.  

• For horizontal pipes with constant cross section, the drop in pressure gradient 

between two points is equivalent to the head lost between these points. 
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Fundamentals of Fluid Flow 

Hydraulic and Energy Grade Lines 
Energy Grade Line (EGL) 

Energy grade line is always above the hydraulic grade line by an amount equal 

to the velocity head. Thus, the distance of energy gradient above the datum 

plane is always (v2/2g + p/γ + z). Energy grade line therefore is the graphical 

representation of the total energy of flow.  
 

Characteristics of EGL  

• EGL slopes downward in the direction of flow and will only rise with the 

presence of pump.  

• The vertical drop of EGL between two points is the head lost between those 

points.  

• EGL is parallel to HGL for uniform pipe cross section.  

• EGL is always above the HGL by v2/2g.  

• Neglecting head loss, EGL is horizontal. 
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Fundamentals of Fluid Flow 

Hydraulic and Energy Grade Lines 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 1 

The water surface shown in Figure 13.1 is 6 m above the datum. The 

pipe is 150 mm in diameter and the total loss of head between point (1) in 

the water surface and point (5) in the jet is 3 m. Determine the velocity of 

flow in the pipe and the discharge Q. 

Fig. 13.1 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 1 

Solution: 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 1 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 2 

From Figure 13.2, the following head losses are known: From (1) to (2), 0 

m; from (2) to (3), 0.60 m; from (3) to (4), 2.1 m; from (4) to (5), 0.3 m. 

Make a table showing elevation head, velocity head, pressure head, and 

total head at each of the five points. How high above the center of the 

pipe will water stands in the piezometer tubes (3) and (4)? 

Fig. 13.2 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 2 

Solution: 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 2 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 2 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 2 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 2 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 3 

A 300-mm pipe is connected by a reducer to a 100-mm pipe. See Figure 

13.3. Points 1 and 2 are at the same elevation, the pressure at 1 is 200 

kPa. The discharge Q is 30 L/s flowing from 1 to 2 and the energy lost 

from 1 to 2 is equivalent to 20 kPa.  

3.1 Compute the pressure at 2 if the liquid is water.  

3.2 Compute the pressure at 2 if the liquid is oil (s = 0.80).  

3.3 Compute the pressure at 2 if the liquid is molasses (s = 1.5). 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 3 

 

 

 

 

Solution: 

 

 

Fig. 13.3 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 3 

 

 

 

 

 

 



Chapter 11:  Flow over bodies; lift and drag ME33 :  Fluid Flow                    30 

Fundamentals of Fluid Flow 

Problem Set 13 
Problem 3 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 4 

The diameter of a pipe carrying water changes gradually from 150 mm at 

A to 450 mm at B. A is 4.5 m lower than B. If the pressure at A is 70 kPa 

and that B is 50 kPa, when 140 L/s is flowing.  

4.1 Determine the direction of flow.  

4.2 Find the frictional loss between the two points. 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 4 

Solution: 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 4 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 4 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 5 

A pump (Figure 13.5) takes water from a 

200-mm suction pipe and delivers it to a 

150-mm discharge pipe in which the 

velocity is 3.6 m/s. The pressure is -35 kPa 

at A in the suction pipe. The 150-mm pipe 

discharges horizontally into air at C. To 

what height h above B can the water be 

raised if B is 1.8 m above A and 20 hp is 

delivered to the pump? Assume that the 

pump operates at 70% efficiency and that 

the frictional loss in the pipe between A 

and C is 3 m. Fig. 13.5 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 5 

Solution: 

Fig. 13.5 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 5 

Fig. 13.5 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 5 

Fig. 13.5 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 6 

A pump draws water from reservoir A and lifts it to reservoir B as shown 

in Figure 13.6. The loss of head from A to 1 is 3 times the velocity head 

in the 150-mm pipe and the loss of head from 2 to B is 20 times the 

velocity head in the 100-mm pipe. Compute the horsepower output of the 

pump and the pressure heads at 1 and 2 when the discharge is: (a) 12 

L/s; (b) 36 L/s. 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 6 

 

 

Fig. 13.6 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 6 

Solution: 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 6 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 6 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 6 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 7 

The 600-mm pipe shown in Figure 

13.7 conducts water from reservoir A 

to a pressure turbine, which 

discharges through another 600-mm 

pipe into tailrace B. The loss of head 

from A to 1 is 5 times the velocity 

head in the pipe and the loss of head 

from 2 to B is 0.2 times the velocity 

head in the pipe. If the discharge is 

700 L/s, what power is being given up 

by the water to the turbine and what 

are the pressure heads at 1 and 2? 

Fig. 13.7 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 7 

Solution: 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 7 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 7 
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Fundamentals of Fluid Flow 

Problem Set 13 
Problem 7 


